During flower dissection, many were found to present empty anthers or anthers containing few microsporocytes.
In the older branches of the inflorescence, whose microsporocytes had completed meiosis, the flowers acquired the characteristic male-sterile aspect, i.e., they were transparent and dry.
Despite the irregularities, the meiotic process continued to the end and microsporocytes filled the anthers. Starting from the formation of pollen grains, since most of them became abortive, there was total or partial anther collapse. The inflorescences with a male sterile appearance were those most severely affected by meiotic irregularities. Table 1 presents the results of the meiotic analysis carried out on each plant. It can be seen that the plants were not equally affected by meiotic irregularities. Whereas some plants were highly affected, others had a more regular meiotic behavior. Among the irregularities observed, particularly outstanding were univalent chromosomes, irregular segregation and micronuclei in meiosis I and II, sticky chromosomes during all phases of meiosis, absence of cytokinesis at the end of first and/or second division, defective cytokinesis, abnormal spindles, cell fusion, giant cells, chromosome fragmentations, aneuploid and polyploid cells etc. As a consequence of these abnormalities, the final product of meiosis was highly affected. Microspore dyads, triads and polyads, tetrads with microcytes and multinucleate microspores were frequent. Pollen grains of varying size were observed. Figs. 1, 2 and 3 illustrate the various types of meiotic irregularities observed in the line under study.
Discussion
The cause of male sterility in higher plants are countless. The ms genes exhibit a wide diversity of action ranging from complete absence of the androceum to the production of inviable pollen grains due to disorders of microsporogenesis. They act with remarkable precision on defined stages of microsporogenesis (premeiosis, meiosis and postmeiosis) and prevent the normal development of sporogenic tissue, tapetum cells, pollen mother cells and microspores (Singh 1993) . Kaul (1988) reported that a small number of premeiotic ms genes act on sporogenic cells, archesporial tissues and pollen mother cells. Other ms genes are effective during meiotic division, when they act by disturbing the normal sequence of meiosis or by affecting a particular stage. As the consequence of an anomalous chromosome behavior, abnormal microspores are formed. Most ms genes, however, act on postmeiotic stages soon after tetrad formation, blocking the formation of normal pollen grains.
It is estimated that among the species that present male sterility, 80% of ms genes arose spontaneously, whereas in the remaining cases they were induced by mutagens (Kaul 1988) . In maize, Golubovskaya (1989) reported more than twenty genes that affect meiosis, most of which cause total or partial male and/or female sterility in the affected plants. Many of these genes were obtained by mutation induction. Considering only those that specifically cause male sterility, including those responsible for cytoplasmic male sterility, there is an enormous number of genes coding for this trait that have been detected in maize. The first report was that of Eyster (1921) , concerning a single nuclear gene conferring genetic male sterility. Male sterility of extranuclear inheritance in maize has also been known for more than 60 years (Rhoades 1931) .
It is quite interesting to compare the meiotic irregularities that led to male sterility in the present line to data for other plants in which this trait was caused by meiotic disorders. Univalent chromosomes accompanied by irregular segregations were considered to be respon- In a all chromosomes were joined together, whereas in f stickiness provoked irregular chromosome segregation. g, h) irregular chromosome segregation during metaphase II and anaphase II, respectively. In h a bridge with a fragment can be seen in one of the microsporocytes; i) anaphase II in a microsporocyte that did not undergo first cytokinesis.
formation was observed in all the plants of the line under study. These factors have been reported by Pagliarini (1983 Pagliarini ( , 1989 and by Pagliarini et al. (1986) to be responsible, at least in part, for the low combining ability of inbred maize lines by affecting the production of viable pollen grains.
Other abnormalities detected in the plants studied here have been held responsible for male sterility also in other species. Chromosome breaks were described in Pisum sativum (Nirmala and Kaul 1993, 1994a, b) while bridges and fragments were described only by Nirmala and Kaul (1994a) . Chromosome stickiness, an abnormality that occurs at high frequency among the plants studied, has also been the cause of male sterility in Pisum sativum (Kaul and Nirmala 1991, Nirmala and Kaul 1993, 1994a) and Carthamus tinctorius (Carapetian and Rupert 1977). Absent or defective cytokinesis leading to cenocytic microspores and microspores of different pentad with a binucleate microspore; c) hexad with a microcyte and a multinucleate microspore; d) binucleate microspores of different sizes side by side with a normal microspore; e) fused binucleate microspores with various micronuclei; f) trinucleate microspore side by side with normal microspores; g) tetranucleate microspore; h) hexanucleate microspore; i, j) plurinucleate microspores side by side with normal microspores; 1) abnormal microspores side by side with normal microspores; m) pollen grains of different sizes.
sizes has been reported for Pisum sativum (Nirmala and Kaul 1994a), Houttuynia cordata (Takahashi 1986 ), Glycine max ( Albertsen and Palmer 1979 , Skorupska and Nawracala 1980 , Skorupska and Palmer 1990 , Hordeum vulgare (Kaul and Nirmala 1991), and Impatiens sultani (Tara and Namboodiri 1974) . The frequency of these types of irregularities was high also in the present study. Abnormal spindles were described in sterile Carthamus tinctorius (Carapetian and Rupert 1977) , while cell fusion was considered to be one of the cause of male sterility in Pennisetum americanum (Rao et al. 1989) . Chromosome degeneration was also detected in male sterile Hordeum vulgare (Kaul and Nirmala 1991) and Pisum sativum (Kaul and Nirmala 1991, Nirmala and Kaul 1993) . As a result of these and other irregularities, the final product of meiosis in the male-sterile species described here was highly irregular. Monads, dyads, triads, abnormal tetrads and polyads gave origin to microspores of uneven size and multiriucleate, cenocytic, fused etc. (Carapetian and Rupert 1977, Takahashi 1986, Rao and Devi 1989, Skorupska and Palmer 1990 , Nirmala and Kaul 1993, 1994a, b) . All of these forms were detected in the plants analyzed here (Fig. 3) . Whereas normal microspores presented a dense and deeply stained cytoplasm, abnormal microspores were weakly stained. Pollen grains of different sizes were observed. Considering that the male sterility of this line was only partial, many microsporocytes presented a normal meiotic behavior, producing viable pollen grains. The plants most affected by meiotic irregularities were those that presented the highest frequency of branches and flowers with a male-sterile aspect in the inflorescence. It is interesting to note that in most of the species described here male sterility was caused by few types of meiotic irregularities coded by one or few genes. In the maize line under study, however, many irregularities occurred. The genes responsible for most of these irregularities and their form of action are known (Golubovskaya 1989) . The double action of the msg2 gene in Pisum sativum is a curious phenomenon. Whereas 34% of PMC present cytomixis, the remainder present meiosis with multiple irregularities (Nirmala and Kaul 1994a). It is possible that genes of multiple action are also present in maize, since in the same plant, such as plant no. 1, countless abnormalities occurred simultaneously.
Although most of the ms genes were obtained by mutation induction both in maize and in other species, in the present case they arose spontaneously. It is intriguing that so many genes already described for this species (Golubovskaya 1989) were manifested simultaneously. Most of the irregularities described here occurred at lower frequency in other selected lines of the same population. On this basis, we cannot rule out the idea of a possible action of transposons. The transposable element Mutator, originally identified in lines exhibiting very high frequencies of mutation (Robertson 1978) , is capable of provoking mutations at many loci at the same time (Robertson 1985 
